The intensive breeding of carp in Israel involves large numbers of fish in small fish ponds and necessitates the use of large amounts of feeding-stuffs as food supplements. Data on the utilization of the various feeds by the carp (Cyprinus carpio) are, therefore, of great importance. Experiments were consequently undertaken to investigate the enzymic action of the digestive juices of the fish. The digestive system of the carp is distinctly different from those of other animals since the carp lacks a stomach. The mode of action of the digestive juices of this fish is, therefore, of special interest. The rate of digestion of various foods by the digestive juices of the carp can also serve as a measure of the value of such foods for this species. Previous work done in this field is very limited (Vonk, 1927; Schlottke, 1939).
The intensive breeding of carp in Israel involves large numbers of fish in small fish ponds and necessitates the use of large amounts of feeding-stuffs as food supplements. Data on the utilization of the various feeds by the carp (Cyprinus carpio) are, therefore, of great importance. Experiments were consequently undertaken to investigate the enzymic action of the digestive juices of the fish. The digestive system of the carp is distinctly different from those of other animals since the carp lacks a stomach. The mode of action of the digestive juices of this fish is, therefore, of special interest. The rate of digestion of various foods by the digestive juices of the carp can also serve as a measure of the value of such foods for this species. Previous work done in this field is very limited (Vonk, 1927; Schlottke, 1939) . EXPERIMENTAL Scope of the work. In this work pancreatic and intestinal extracts were incubated with the following: (I) a purified protein, casein, (2) peptone, a partly hydrolysed protein prepared by laboratory methods, (3) meat meal, (4) fish meal, ( 5 ) soya-bean meal, (6) peanut meal, (7) starch, (8) maltose, and (9) wheat bran. The pH of the medium was between 7.0 and 8.2, which are the limits of the pH values found by Vonk (1927) in the contents of the carp's intestine. At specified time intervals, the amounts of digestion products (amino-acids or sugars) were determined. In some instances, the effects of changes in the concentration of the pancreatic or intestinal extracts, or in temperature, or in pH, on the rate of digestion of the various foods were investigated.
Preparation ofpancreatic and intestinal extracts.
The method of Wundsch (1927) was followed. From ten carp of average weight 350 g, LOO g pancreatic tissue were obtained. The tissue was partly dried on filter-paper and cut into small pieces. The material was then homogenized in a Waring blendor with the gradual addition of 150 ml. of 30% (v/v) ethanol. The mixture was left for 48 h in a refrigerator and shaken from time to time. It was then filtered through cloth and brought to pH 7 with ZN-KOH, thymol blue being used as indicator. The final volume obtained was IOO ml.
The intestinal extract was prepared in the same manner from ten carp. The final volume of the extract was 75 ml. from 40 g intestinal tissue.
Incubation procedure. A specified quantity of the material to be tested (3 g casein or peptone or 6 g ether-extracted protein foods, or starch solutions containing 1-5 g
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Digestion in the carp 241 required amount of pancreatic or intestinal extract were added, and the volume was then brought to 150 ml. with o-o67~-phosphate buffer solution. Several drops of toluene were added and the flask was placed in an incubator and periodically shaken. Samples of 5 or 10 ml. were taken at specified time intervals for the determination of products of digestion. In the protein-digestion experiments free amino-acids were measured (carboxyl groups according to S~lrensen (I 907), or amino-groups according to Pope & Stevens (1939) ). In the experiments with carbohydrates of high molecular weight (starch), the quantity of reducing sugar liberated was determined according to Lehmann-Maquenne's (1932) modification of the Bertrand method. Digestion was considered to be complete when the quantity of liberated products of digestion did not increase from one determination to the next. Acid hydrolysis by boiling in strong acid for 20 h gave values for the calculation of percentage digestion by the digestive juices. The amount of amino-acid liberated by acid digestion is the maximum that can be obtained from various foodstuffs and can therefore be considered as I O O~~. In both instances the digestion reached 50% at 38" and at pH 7.0. A comparison of Exps. z and 4 ( Fig. I ) shows that a change in pH from 7.0 to 8.2 retarded the digestion. In Exp. 5 (Fig. 2) a study of the action during the first hours after the addition of the enzyme to the substrate showed that the rate of digestion was comparatively high during the first hours,
RESULTS

Protein-d%estion experiments lhgestion of
The casein was digested to a small extent only by intestinal extract (Exp. 6). On the other hand, the rate of digestion and the proportion digested were much higher when pancreatic extract and intestinal extract were used together. Pancreatic extract broke down about 40% of the casein, intestinal extract only 12%' and both together up to 82% (Fig. 2) . This increase in the rate and extent of the digestion of casein might well be caused by the presence of an activator of pancreatic digestion in the intestinal extracts, as with enterokinase in mammals.
Digestion of peptone. The results are given in Fig. 3 . Peptone is the only protein product investigated in these experiments that was digested to a greater extent by intestinal extract than by pancreatic extract (63 as against 26%). It is well known that the intestinal enzymes of other animals are more suitable for the breakdown of compounds of medium molecular weight such as peptone than for the breakdown of the unchanged food proteins. Pancreatic extract, on the other hand, is mainly active I954 Period of digestion (days) 
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Digestion in the carp 243 on native proteins and its activity is greatly decreased when products of partial hydrolysis, such as peptone, are used as substrate. Pancreatic and intestinal extracts together substantially increased the initial speed of peptone digestion, possibly owing to the presence of an activator in the intestinal juice. However, the amount of aminonitrogen ultimately liberated by the mixture of pancreatic and intestinal juices was the same as that formed by the action of intestinal juice alone (Fig. 3) . Pancreatic digestion of foodstuffs. Experiments on the digestion of soya-bean meal, peanut meal, meat meal, and fish meal by pancreatic extracts were conducted under very similar conditions. The results show that the rate and extent of the digestion of these substrates were very similar to those noted in the digestion of casein. Of the terminal groups obtainable by acid hydrolysis 30-35 yo were liberated from these foodstuffs after 24 h incubation at pH 7-0,
Digestion of carbohydrates
Starch is a major constituent of most carbohydrate foods such as bran and grain. Special attention was therefore paid to the breakdown of this carbohydrate by the digestive extracts of the carp. The breakdown was almost quantitative at pH 7-0 in 24 h both at 25O and at 38". The rate of digestion decreased slightly when the experiment was carried out at pH 8-2 instead of 70 (Fig. 4) .
The calculation of the degree of starch breakdown in Exps. I 1-14 was made on the assumption that the starch is hydrolysed to glucose without any decrease in rate at N VIII 3 16 Downloaded from https://www.cambridge.org/core. IP address: 54.70.40.11, on 30 Sep 2019 at 15:34:43, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19540036 I954 the intermediate stage of maltose. This assumption is justified by the results of Exps. 15-18 ( Fig. s) , in which pancreatic extract was added to maltose and to starch under identical conditions. The maltose was hydrolysed much more rapidly than the starch. It may be concluded, therefore, that starch hydrolysis does not stop at the intermediate stage of maltose. The action of pancreatic extract on bran was also investigated; the starch of the bran was more slowly digested than the pure starch solution, owing perhaps to its being in suspension and not in solution. Under suitable experimental conditions (longer time intervals, the presence of sufficient pancreatic extract), however, the total percentage digestion approached that of pure starch solution.
Experiments on the action of intestinal extract on starch solutions showed that no reducing sugar was liberated. The intestinal extract, therefore, did not contain any amylolytic enzymes, but maltose was slowly digested by the intestinal extract to the extent of 30% after 3 days.
DISCUSSION
Since the digestive juices of the carp are apparently capable of digesting proteins and carbohydrates of various types, it is understandable that the carp can digest these different foodstuffs to an appreciable extent in spite of the lack of a stomach.
The enzymic activity of the digestive juices of the carp is very similar to that of the corresponding digestive juices of mammals. Pancreatic extracts from the carp like VOl. 8
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those from mammals, contain enzymes that effect the breakdown of protein and starch to a considerable extent. The intestinal extract of the carp attacks mainly partly hydrolysed proteins of the peptone type and its action on native protein or starch is very limited; as is well known, the intestinal juice of mammals possesses appreciable action on peptides. The digestion of protein by carp pancreatic extract is markedly increased by the addition of intestinal extract. This is possibly due to the presence in the intestinal juice of an activator similar to enterokinase in the mammals.
In the carp the pancreatic juice has much greater maltase activity than has the intestinal juice, whereas in mammals the opposite is true. SUMMARY I . Casein, meat meal, fish meal, peanut meal and soya-bean meal were digested 2. Intestinal extracts of the carp digested casein to a small extent only. 3. The rate and extent of casein digestion by carp pancreatic extracts were raised 4. Peptone was digested by pancreatic extract to a small extent only and by 5. Maltose, starch and bran were digested by pancreatic juice without difficulty. 6. Starch and bran were not attacked at all by intestinal juice, which hydrolysed appreciably by pancreatic extracts from the carp. markedly by the simultaneous action of intestinal extract.
intestinal extract to a much greater degree. maltose to a very small extent.
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